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COMPLETE SPECIFICATION 
Method of Producing Glasses Having a Low Water Content 



We, Corning Glass Works, a corpora- 
tion organised under the Laws of the State 
of New York, United States of America 
of Corning, New York, United States of 
3 America, do hereby declare the invention 
for which we pray that a patent may be 
granted to us, and the method by which 
it is to be performed, to be particularly 
described in and by the following state- 
10 ment: — 

This invention relates to a method of 
producing glasses having a low water con- 
tent by mixing and melting glass batches 
in a controlled manner. It is of particular 
o usefulness in making improved infra-red 
transmitting glasses and glasses for the pro- 
duction of lighting ware, especially en- 
velopes used for high temperature vapour 
lamps. r 

20 « J? has been re P°rted by E. B. Shand in 
xj-iw?n^ gi ^ er i ng Handbook," McGraw- 
Hill (1958), 62, that absorption in the infra- 
red region for silicate glasses becomes prac- 
tically complete at wave lengths between 4 
and 5 microns. As an illustration, the author 
shows the transmittance curve of a 96% 
silica glass having a transmittance of 
approximately 40% at a wave length of 3 5 
microns and 30% at a wave length of 4 
microns. While this glass may be useful 
for some purposes, it does not meet the 
requirements for certain military applica- 
tions wherein the glass should have an 
mrra-red transmittance of at least 80% at 

SnE*? lenfi ? h of 3 - 5 111101:0115 ^d at least 
fU/o transmittance at a wave length of 4 0 
microns for a 2 millimetre thickness of 
glass. 

Particular silicate glasses based upon the 
40 calcium oxide-aluminium oxide-silica 
[Price 4s. 6d.] 



system, have the above infrared transmis- 
sion requirement. Such glasses, in addition 
lave a coefficient of expansion sufficiently 
low to prevent breakage as a result of 
thermal shock. These glasses unfortunately 45 
have an undesirable infra-red absorption 
band m the region of 2.75-2.95 micron wave 
length, due to the presence of water in 
the glasses. 

Particularly, residual water causes a 50 
strong absorption of infra-red at a wave 
length of about 2.9 microns, resulting in 
a sharp break in the transmittance curve 
Absorption, or conversely transmittance, at 
a wave length of 2.6 microns is relatively 55 
insensitive to the low concentrations in- 
volved m residual water. Residual water 
content may therefore be specified in terms 
of an absorption coefficient, hereafter called 
beta value and designated "Boh", which 60 
is calculated from the formula- 



1 T a6 

Bqh = — log 10 ~ 
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wherein t=glass thickness in mm 
T,. 0 =transmittance in % at 2.6 microns 
T^.=transmittance in % at 2.9 microns 
ana B 0 h is m terms of mm/ 1 . 7 q 

. It is therefore an object of the present 
invention to provide a method of makine 
glasses having very low water content 

It is a further object of the present in- 7S 
vention to provide a method of substantially 
removing the water absorption band from 
infra-red transmitting glasses. 

In accordance with the present inven- 
tion, there is provided a method of making 80 
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a glass having a low water content by mix- 
ing and melting a glass batch, wherein an 
amount of a chemically reactive, chlorine 
containing compound is mixed in the glass 
5 batch, and the batch is melted with a dry 
atmosphere flowing directly over the melt. 

A preferred calcium aJtominogerminate 
glass prepared by our method when formed 
into a body having a thickness of about 
10 2 millimetres, has a maximum B OII value 
of 0.020 mm. 1 and a transmittance of at 
least 80% at a wave length of 4.25 microns, 
50% at a wave length of 5.0 microns, and 
15% at a wave length of 5.5 microns. 
15 Residual water can be removed from 
numerous glass compositions using the pro- 
cedures described herein. Excellent results 
are obtained with aluminosilicate and 
aluminogermanate glasses. The process is 
20 also quite effective in removing residual 
water from soda lime glass, borosilicate 
glass, lead glass, and non-silicate glasses 
such as germanate glasses and tellurite 
glasses. However, the procedure cannot be 
25 used to remove water from fused silica or 
from 96% silica glasses in which the addi- 
tion of a chemically-reactive, chlorine con- 
taining agent is undesirable. The effective- 
ness of the chlorine drying technique is 
H0 to some extent reduced by the presence 
of certain constituents in the glass batch 
which are capable of reacting with a 
chloride and thereby forming volatile re- 
action products. Thus, interfering reaction 
35 may arise by the presence of, for example, 
large amounts of alkali, lead, and iron 
compounds which compete for the chlorides 
and make the process less effective. When 
these elements are present it is recom- 
40 mended to compensate therefor by the addi- 
tion of an excess of the cations lost through 
volatilization. 

In order to attain the maximum benefit 
from the method of this invention proper 
45 selection of batch materials is required. 
Thus hydrated materials such as alumina 
hydrate and calcium hydroxide should be 



2— Si~OH + MCI,->2 



avoided since these have a large effect on 
the water content of the glass. The type 
of raw materials, e.g. sand, germania and 50 
calcined alumina can also affect water con- 
tent, but to a much lesser extent than the 
hydrated materials. 

The accompanying drawing illustrates the 
improvement in the infra-red transmittance 55 
of glasses prepared according to the method 
of the present invention. 

Referring to the drawing the transmittance 
of glasses 2.0 mm. thick in the infra-red 
region is shown as follows: 60 

Curve W represents the percent trans- 
mittance of an untreated silicate glass com- 
position prepared in Example I herein- 
below. It is noted that there is an OH group 
absorption band in the region of about 2.9 65 
microns. 

Curve X represents the percent trans- 
mittance of a treated silicate glass com- 
position prepared in accordance with Ex- 
ample II hereinbelow. It is noted that the 70 
OH group absorption band in the region 
of 2.9 microns has been completely removed. 

Curve Y represents the percent trans- 
mittance of a treated germanate glass com- 
position prepared as in Example V herein- 75 
below. This glass also shows a substantial 
absence of an OH group absorption band 
in the region of 2.9 microns and in addi- 
tion, when compared to the silicate glass 
of Curve X, it has a substantially greater HO 
transmittance in the infra-red region. 

In removing residual water from glasses 
by our process, the batch ingredients 
initially must be mixed together with a 
chemically reactive, chlorine containing 85 
agent. As used herein this agent is a com- 
pound which is capable of reacting dur- 
ing melting to replace the OH groups pre- 
sent in the glass network. The chlorine 
containing agent must be substantially an- 90 
hydrous and normally a solid which is 
generally stable at temperatures up to 
100°C. The reaction may be illustrated as 
follows: 



-Si— CI + MO + H 3 0 



A highly effective agent is anhydrous cal- 
cium chloride which is typically mixed in 

100 powder form with the glass batch. An 
amount of chlorine at least equivalent to 
about three mole percent CaCt is recom- 
mended to substantially remove the OH 
group as described hereinabove. Typically 

105 no more than an amount of chlorine 
equivalent to seven mole percent of CaCl 2 
is useful and while greater amounts even 
up to ten mole percent may be mixed with 
the batch, no increase in effectiveness is 

110 normally obtained. Since it is very hygro- 
scopic, it is important that the calcium 



chloride or the batch containing it not be 
exposed to moisture for any length of time. 
The preferred agents which can be used 
are the chlorides of the alkaline earth metals, 1 1 5 
zinc, cadmium, lead and aluminum. Thus, 
for example any of the other alkaline earth 
chlorides can be substituted for an equal 
amount of calcium carbonate in the base 
composition without detrimentally affect- 120 
ing the required properties of the product. 

Chlorine containing agents which have 
been considered for use in the method in- 
clude the following: 125 
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LiCl 

NaCl 

KC1 

RbCi 

CsCl 

T1C1 

AgCl 

InCl 

AuCl 



Bed, 

MgCl 2 

CaQ, 

Srda 

BaCl 2 

ZnCl 2 

CdCl 2 

PbCl* 

Hg 3 Cl 2 

HgCl 2 

GaCL 



ZrCl 2 
InCl a 
SnQ 2 
TeCJ a 



AICI3 

ScCl 3 

TiCk 

YQ 3 

LaQ 3 

AuCl 3 

BiQ 3 

GaCJ s 

ZrQ 3 

SbCt 

InCl* 



SeCl< 
ZrCl* 
TeCl, 
HfCl 4 



NbCl 5 
MoCl fi 
TaCI 5 
WCJ 5 



WCl a 



However, many of the above chlorine 
containing compounds, while theoretically 
possible, are in fact somewhat impractical 
because the particular compound is un- 
5 desirable in or may detrimentally affect 
the base glass and the compound may be 
too scarce and expensive as an additive 
for this purpose. 
During the melting of the batch at the 

10 fusion temperature of 1500°-1650°C., it is 
necessary that a dry atmosphere flow 
directly over the glass melt. This is essential 
to remove any of the water formed by 
the reaction with the chlorine containing 

15 agent from the reaction zone and to pre- 
vent any other moisture from reaching the 
surface. By flowing the dry gas directly 
over the glass melt, a low water vapour 
pressure is maintained and the water is re- 

20 moved rapidly to displace the reaction 
equilibrium in favour of substantial com- 
plete substitution of chlorine for the OH 
group. Dry atmospheres useful herein in- 
clude dry or dried gases, such as air, nitro- 

25 gen, helium, argon, oxygen, carbon dioxide 
and sulphur dioxide. While the rate of flow 



of the dry atmosphere depends on many 
factors, such as size and surface area of 
the vessel or furnace in which the glass 
is being fused, there should be a sufficient 30 
flow to adequately remove the water vapour 
which has formed. 

The fused glass may then be subjected 
to conventional glass forming techniques. 
It can be cast into a desired shape, con- 35 
ventionally annealed, and subjected to grind- 
ing and polishing. 

While the method described herein has 
been discussed primarily for improvement 
in infra-red transmission, it is also highly 40 
advantageous for various other glass appli- 
cations where only a minimum of water 
can be tolerated. An area of particular 
interest is in the lighting field and specific- 
ally in making envelopes used for high 45 
temperature vapour lamps. 

The invention is further illustrated by 
the following examples. 

EXAMPLE I 50 
A glass composition was prepared and 
melted from the following formulation: 



Oxide Weight % Mole % 



55 



SiO> 

ALA 

CaO 



31.8 
39.2 
29.2 



36.91 
26.80 
36.29 



Batch Materials 

Acid washed sand 
Calcined alumina 
Calcium carbonate 



Weight 

159.0 grams 

196.0 

281.6. 



60 
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The batch materials were weighed and 
mixed by ball milting for four hours. Then 
the batch was melted in a platinum crucible 
in a platinum-20 rhodium wound resist- 
ance furnace at a temperature of 1550°C. 
for a period of four hours. Thereafter the 
molten glass was poured into plates in an 
iron mould and annealed at a temperature 
of 832°C. 

The infra-red properties of the glass are 
shown in the drawing and have been desig- 



80 



85 



nated as Curve W. It is noted that there 
is an OH group absorption in the region 70 
of about 2.9 microns. A piece of the glass 
product 2 mm. in thickness exhibited a 
B off value of 0.05 mm/ 1 . 



EXAMPLE II 
An infra-red transmitting glass composi- 
tion was prepared and melted from the 
following formulation: 



75 



Constituent Weight % Mole % Batch Materials 

Sk0 2 30.55 36.91 Fine Dry Sand 

A«> 3 37.64 26.80 Calcined alumina 

CaO 24.17 31.29 Calcium carbonate 

CaCl a 7.64 5.00 Calcium Chloride 



Weight 
(grams) 

91.84 
113.26 
129.95 

22.92 
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The batch materials were weighed and 
mixed by ball milling for four hours. 

The substantially homogeneously mixed 
batch containing the chemically-reactive, 
5 chlorine containing agent was then trans- 
ferred into a platinum crucible, placed in 
a platinum-rhodium wound tube furnace, 
and heated at a temperature of 1550°C. As 
the batch was being melted, dry nitrogen 
10 gas was continuously flowing directly over 
the surface of the melt at a rate of 100 
cc/min. After four hours, the nitrogen flow 
tube was removed, the melt was immediately 
poured into an iron mould and then the 
15 glass was annealed by slowly cooling from 
832°C. 

The infra-red properties of the glass are 
shown in the drawing and have been desig- 
nated as Curve X. A comparions between 

20 Curve X and Curve W indicate that the 
method of the present invention almost 
complete removes the OH group absorp- 
tion band in the region of 2.9 microns. The 
difference of absorption is calculated as 

25 follows: 



Glass 

Ex. I 
30 Ex. II 



Drying Agent 

None 
CaCK 



Bon 

0.05 
<0.01 



The other properties of glass of Example 
II are substantially identical to those of 
Example I. 



35 



EXAMPLE HI 



An infra-red transmitting glass body was 
made following the procedure and using the 40 
formulation of Example H, with the ex- 
ception that five mole percent of aluminium 
chloride was substituted as the chemically- 
reactive, chlorine containing agent. A piece 
of the glass product 2 mm. in thickness 45 
exhibited a Boh value of 0.01 mm." 1 . Thus 
aluminium chloride is just about as effec- 
tive as for this purpose as calcium chloride. 



50 



EXAMPLE IV 



Following the procedure and using the 
formulation of Example II, experiments 55 
were conducted to determine the effect of 
various gases and the effect of the location 
of the gas flow upon the water content of 
the glass. The data and the results are 
set forth in the table below. 60 1 
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Gas 

N 4 
N, 
He 
O, 

Air (dry) 
Air (wet) 



Flow Position 

Directly over surface 
Directly over surface 
Side of Crucible 
Directly over surface 
Directly over surface 
Directly over surface 
Furnace atmosphere 



Flow Rate 

100 cc/min 

50 

50 
100 
100 
100 
None 



Bon Value 

<0.01 

0.02 

0.04 

0.02 

0.01 
<0.01 

0.05 



70 These results show that when the dry gas 
was flowing directly over the surface of the 
melt, the B 0 u value was not greater than 
0.02; however when the dry gas was flowing 
along the side of the crucible or when 

75 melting was performed in the presence of 
a wet gas, the Boh value was substantially 
greater. Thus it may be concluded that it 
is essential that the dry gas flow directly 



over the surface of the melt to efficiently 
remove escaping water and prevent any ffl 
other water from reaching the surface. 



EXAMPLE V 
A preferred infra-red transmitting germa- »5 
nate glass was prepared and melted from 
the following formulation: 



Oxide Weight °% Mole % Batch Materials Weight 

90 GeO- 44.7 36.9 Germanium dioxide 650.4 grams 

AUO 31 7 26.8 Calcined alumina 460.5 

Cab 23.6 36.3 Calcium carbonate 529.8 

Calcium chloride 93.5 



The batch was then placed in a platinum 
95 crucible and melted at 1500°C. for 4 hours 
with dry nitrogen flowing over the surface 
at about 100 cc/min. It was then cast into 



a slab or pressed into a dome shape and 
annealed at 760°C. 

The infra-red properties of the glass are 100 
shown in the Figure 2 and have been de- 
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signaled as Curve Y. A piece of the glass 
product 2 mm. in thickness exhibited a 
Boh value of less than 0.01 mm: 1 



Examples Vl-Xl 
In order to further show the effectiveness 
of the process of the present invention 
various other glass compositions treated to 



remove the water were prepared essentially 10 
according to the procedure of Example g ° 
and these were then compared in water 
content to glasses having the same com- 
position which remained untreated as pre- 
pared essentially according to Example I. 15 
The glass compositions in weight percent 

E A^*? f 0m * e bat <* °* the P oxide 
basis are set forth in the table below. 



20 



25 



30 



35 



SiO. 

B 2 O a 

AL0 3 

Na a O 

K 2 0 

MgO 

CaO 

BaO 

PbO 

ZrO> 

TeO a 

CeO. 

As 2 0 3 

F 



Ex. VI 

73.0 
16.5 

4.25 



6.25 





Table 




Ex. VII 


Ex. VIII 


Ex. IX 


58.0 


56.9 




4.0 


5.96 




15.0 


14.91 




6.9 


2.98 




10.0 


11.13 




6.0 


7.55 


16 


















84 








0.5 


0.50 





Ex.X 


Ex. XI 




63.3 


55 


4.5 




7.7 


10 


10.3 


5 


2.4 


30 


3.5 




6.8 


10 






0.5 




0.4 




1.3 



The chemically-reactive, chlorine contain- 
ing agent included in the formulations given 

An ™7?u ° r each 2 f the S Iass compositions 
40 and the amount thereof used in weight per- 
cent is shown in the table below. A com- 



lTn n contei * ^ determined 

values ' bet ween the treated glass 
and the untreated glass clearly indicX 
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Glass 

Ex. VI 
Ex. VII 
Ex. VIII 
Ex. IX 
Ex.X 
Ex. XI 



Drying 
Agent 

PbCl 3 
CaCl a 
Cad 2 
BaCl 2 
CaCI 3 
BaCl 2 



Bo 

wu *, Without Chloride 

WU% Drying 

3 0.380 

8 0.095 

5 0.216 

20.5 0.142 

ac 0115 

4.5 0.057 



With Chloride 
Drying 

0.043 
0.008 
0.083 
0.095 
0.086 
0.032 



WHAT WE CLAIM IS:— 

1. A method of making a glass having 

*n n X W w T^l 1 by . mixin S and Hieltinf 
60 a glass batch, wherein an amount of f 

chemically reactive, chlorine containing 

S^E 0 ?^. 15 mi , xed in the S lass ba tch, and 
the batch is melted with a dry atmosphere 
flowing directly over the melt. 

2. A method as claimed in Claim 1 
wherein the compound is substantially an- 

Kfc f d DOnnaIIy a soIid wh *ch is 
stable at temperatures up to 100°C 

3. A method as claimed in daim 2, 



65 



wherein the compound is a chloride of ™ 

4. A method as claimed in Claim 0 

Sde 7 m ° Ie percent of 75 

5. A method as claimed in Claim i 
wherem the dry atmosphere I air' 
nitrogen, helium, argon" oxygen mbS 
dioxide or sulphur dioxide. S n on 

6. A method as claimed in Claim 5 
wherem the chlorine containing agem £ 
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anhydrous calcium chloride and the dry ELKINGTON AND FIFE, 
atmosphere is nitrogen. 

7. A method as claimed in Claim 1, Chartered Patent Agents, 
wherein the batch materials are substan- High Holborn House, 

5 tially anhydrous. 52/54 High Holborn, 

8. A method of making a glass sub- London W.C.I, 
stantially as described with reference to 

the accompanying drawings. Agents for the Applicants. 
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